The development of a water-soluble and small molecular weight fluorescent probe, 3-(4-methoxyphenyl)-4-(methylsulfanyl)-6-(pyridin-2-yl)pyridin-2(1H)-one (3), for detecting Zn 2+ based on pyridine-pyridone skeleton is reported. We observed a clear chelation enhanced fluorescence effect of 3 in the presence of Zn
Introduction
Zinc is an essential element for life and is known to play important roles in biological processes including gene expression, apoptosis, enzyme regulation, immune system and neurotransmission [1] [2] [3] [4] [5] [6] .
Most of Zn

2+
in living cells are bound to the proteins, which are called as metalloprotein [7] [8] [9] . Zinc metalloproteases employ Zn 2+ as the catalysis center and a most well-known example in this class is angiotensin converting enzyme (ACE) [10] [11] [12] . Zinc chelation also contributes to the structure stabilization of proteins. For example, the zinc finger proteins form a stable three dimensional structure to interact a specific DNA sequence for controlling gene functions [13] .
There also are free or chelatable Zn 2+ in living cells, which may be involved in both physiology and disease states. In pancreatic β-cells, Zn
participates in controlling synthesis, storage and secretion of insulin. When Zn 2+ is short, blood sugar level rises by a secretion delay of the insulin [14, 15] . In central nervous system, free or chelatable Zn 2+ are co-localized with glutamate in presynaptic vesicles of the mammalian hippocampus [16, 17] .
To investigate physiological roles of free or chelatable Zn 2+ in living cells, we should know their concentration in each tissue and in different (patho-) physiological states. In this context, a number of fluorescent sensors have recently been developed based on elegant ideas [18] [19] [20] . , such molecules would become an advantageous starting point for designing a new fluorescent sensor. If the initial core structure is small enough, the fluorescent probes may still be molecular weight below 500 with desirable physico-chemical properties, even after the modifications [31] . We have recently published a new and simple synthetic method for preparing pyridine-pyridone derivative 3 [32] . Since then we have been interested in the molecule characters of this class of heterocyclic compounds. In this paper, we report the fluorescent characteristics of pyridine-pyridone derivative 3, MW = 324, that can potentially be used as a lead structure for finding a new fluorescent sensor for Zn 2+ .
Experimental
Materials and instruments
All the solvents were of analytic grade and used as received. 
Synthesis of 6-methoxy-5-(4-methoxyphenyl)-4-(methylsulfanyl)-2,2'-bipyridine (4)
Powdered sodium hydroxide (0.20 g, 5.0 mmol) was added to a solution of 0.56 g (2.5 mmol) of 1 and 0.37 g (2.5 mmol) of 2 in 25 mL of DMSO, and the mixture was stirred for 2 h at room temperature.
The reaction was poured into 300 mL of ice water and neutralized with a 10% hydrochloric acid solution. The mixture was extracted with 100 mL of dichloromethane three times. The combined organic extracts were washed with water, dried over anhydrous sodium sulfate, and concentrated under reduced pressure. A mixture of the residue in 100 mL of methanol was refluxed for 6 h. After evaporation, the residual solid was recrystallized from methanol to give 4 (0.38 g, 45%) as yellow 
Synthesis of 3-(4-methoxyphenyl)-4-(methylsulfanyl)-6-phenylpyridin-2(1H)-one (6)
Powdered sodium hydroxide (0.40 g, 10.0 mmol) was added to a solution of 1.13 g (5.0 mmol) of 3,3-bis-methylsulfanyl-1-phenyl-propenone (5) and 0.88 g (6.0 mmol) of 2 in 50 mL of DMSO, and the mixture was stirred for 2 h at room temperature. The reaction was poured into 300 mL of ice water and neutralized with a 10% hydrochloric acid solution. The mixture was extracted with 100 mL of dichloromethane three times. 
Spectral measurement
The compounds 3, 4 and 6 stock solution (1×10 -2 M) was prepared by directly dissolving in DMSO.
The UV/vis spectrum of 3 (10 -4 M) was measured in HEPES buffer (100 mM, 5% DMSO, pH = 7.4), as shown in Fig.1 . For the fluorescence analysis, 3 (10 
Results and discussion
The synthesis of 3 is described in Scheme 1. The reaction of 3,3-bis-methylsulfanyl-1-pyridin-2-ylpropenone (1) with 2-(4-methoxyphenyl)acetonitrile (2) in the presence of powdered sodium hydroxide in DMSO followed by treatment with 1% HCl gave 3-(4-methoxyphenyl)-4-(methylsulfanyl)-6-(pyridin-2-yl)pyridin-2(1H)-one (3) in 62% yield [32] . The structure was established by indicated that the complex formation is 1:1 stoichiometry (Fig. 3) . Next, we investigated the effect of pH on the fluorescence properties of 3. The fluorescence spectra of 3 at various pHs in the absence/presence of Zn 2+ are shown in Fig. 4 . When the solution pH was decreased from pH 9.0 to pH 2.0, the fluorescence intensity of 3 decreased in both absence (a) and presence (b) of fluorescent core structure that we were looking for. (1 μM). We then examined selectivity toward other cations ( (Fig. 4) showed the strong CHEQ effects in both cases (Fig. 7) .
All together these results provided the further evidence that the interaction with Zn 2+ takes place in the bipyridyl moiety of 3. In addition the negative result with methoxy derivative 4 suggested that the NH or OH proton is essential in getting CHEF effects with Zn
2+
. However at this point we are not able to conclude, which tautomer pyridine or pyridone of 3 is responsible for the chelation and CHEF effects which was designed to use the bipyridyl moiety as a metal chelator [33] . The pyridine-pyridone part of our newly developed 3 needs NH or OH proton for CHEF effects with Zn
. Thus it is likely that our Zn 
Conclusion
We found a novel and simple fluorophore, pyridine-pyridone derivative 3. We believe that 3 would be a great starting point to design much improved Zn 
